Purpose Production of oil palm seedling in the nursery mainly utilises top soil as polybag medium. These soils, especially in tropical regions, are acidic and have low organic matter content. The aim of this study was to investigate the effects of oil palm empty fruit bunch (EFB) biochar and compost incorporation as amendment in polybag medium for oil palm seedlings growth at the nursery stage. Methods A polybag experiment was conducted with four biochar rates (0, 0.5, 1.0 and 1.5% w/w C addition), two compost rates (0 and 30% v/v), and two fertiliser application rates (75 and 100% of recommended rate). The effects of biochar, compost, and biochar-compost combination on oil palm seedling growth was evaluated and the effectiveness of EFB biochar in retaining soil nutrients was determined indirectly by measuring amount of nutrient leached through the polybag medium. Results Biochar, compost, and biochar-compost amendment improved polybag media's chemical properties (pH, total C and N, C:N ratio, CEC, Mg, and Ca). There were no significant effects of the amendments on shoot biomass. However, root growth and shoot:root ratio significantly improved with 1.5% w/w C addition and 30% (v/v) compost with 75% recommended fertiliser rates applied. Furthermore, nutrient leaching measurement indicates that, EFB biochar significantly reduced ammonium-N leaching up to 21-46%. Conclusions Overall, this study demonstrates the potential of biochar and compost co-application to improve the chemical properties of polybag medium and root development of oil palm seedlings.
Introduction
The Malaysian oil palm industry has grown tremendously over the past few decades and has become a major contributor to the gross domestic product (GDP) from agriculture sector, amounting to 46.9% in 2015 46.9% in (DOSM 2017 . Currently, oil palm plantation occupied 5.39 million ha of total planting area with production of 20 million tonnes of crude palm oil (MPOB 2016) , making the most significant plantation commodity in Malaysia.
There are two main stages in oil palm cultivation: nursery stage and renewal or definitive area, where the palms are grown for 20-25 years, the economic life period of oil palm (Zulkifli et al. 2010) . Seedlings are established in the nursery stage for 10-14 months before field planting. For good oil palm establishment after transplanting in the field, it is uttermost importance to produce good quality oil palm seedlings (Gillbanks 2003; Mathews et al. 2008) . A common practice of oil palm seedling production in the nursery is using top soils as the polybag medium. Malaysian soils (mostly Ultisols and Oxisols) are known to be highly weathered acidic soils with low organic matter content. Mineral fertilisers are normally used as sources of nutrients for raising a good vegetative growth of oil palm seedlings (Paramananthan 2003; Verheye 2010) . However, the efforts to maintain soil nutrient status through chemical fertilisation come with certain cost, 1 3 negative environmental impact, and increase in production cost of oil palm seedlings. Thus, there is a need for sustainable production of good oil palm seedlings, potentially with recycled organic waste in the form of compost and biochar, hence leading to less chemical fertiliser usage.
Several studies of oil palm seedling in the nursery stage showed a positive effect of soil amended with organic material on the vegetative growth of oil palm seedlings (Danso et al. 2013; Suryanto et al. 2015) . The most common organic material used as soil amendment are compost and animal manure (Scotti et al. 2015) . Compost, a by-product of organics recycling programme, contains significant amount of humic substances, valuable plant nutrients, and essential trace elements (Donn et al. 2014; Bedada et al. 2014) . It restores soil organic matter which has direct effects on soil microbial biomass and enzyme activities (Ouni et al. 2013; Blanchet et al. 2016) , consequently improving crop growth and yield (D'Hose et al. 2014; Ninh et al. 2015) .
In the past decade, the use of biochar as a soil amendment and tool for C sequestration has a good potential in increasing crop productivity. Biochar is a carbonaceous material produced by pyrolysis of biomass in a limited oxygen condition (Schahczenski 2010) . Numerous studies showed that adding biochar into infertile soils can potentially increase the cation exchange capacity of the soil and nutrient sorption (Jien and Wang 2013; Gray et al. 2014) ; stimulate soil microorganisms activities (Ducey et al. 2013) , and reduce plant nutrients leaching losses from the soil (Kameyama et al. 2012) . Moreover, several studies have highlighted the positive effects of biochar on root growth (Ogawa and Okimori 2010; Prendergast-Miller et al. 2014) , particularly increased root biomass (Xiao et al. 2016 ) and root length (Solaiman et al. 2012; Olmo et al. 2016) . There is also increasing interest in the combination of biochar with compost for improvement of soil quality other than C sequestration. The synergistic effects of biochar-compost combination theoretically could be achieved through the stability of biochar which promotes C sequestration, apart from improvement of soil properties and source of plant available nutrients as compost mineralises and eventually adds to the organic matter pool (Kammann et al. 2016) .
In Malaysia, there are several available biomass wastes that have the potential to be converted into biochar as an alternative in waste management. The conversion of oil palm waste into biochar is a promising strategy towards obtaining carbon credit for the oil palm industry as part of the efforts to achieve sustainability in palm oil production. Biochar and compost may have important contribution in waste management and nutrient recycling in the oil palm industry. The oil palm waste based compost and biochar may be returned into oil palm field as fertiliser and amendment in the nursery for oil palm seedling production. However, limited research has been carried out to demonstrate the impact of biochar and compost, particularly those derived from oil palm waste, on crop such as oil palm. Applying organic amendments to polybag medium may improve soil physico-chemical properties and enhance root development. Biochar and compost may provide essential nutrients for oil palm seedling growth, thus reducing fertiliser usage and improving sustainable production of oil palm seedlings. Incorporation of oil palm empty fruit bunch (EFB) compost (commercially produced) and biochar (a trial EFB biochar by Nasmech Technology Sdn Bhd and UPM) in polybag media may lead to post-transplanted benefits in the field, especially when the seedlings are transplanted together with the biochar-and compost-amended polybag medium to the field. Hence, this may contribute to faster establishment of seedlings and soil C sequestration in the oil palm plantation in the long term. Therefore, this study was conducted (i) to evaluate the effects of EFB biochar, compost, and biocharcompost mixture amendments on oil palm seedling growth performance and chemical properties of polybag medium in the main nursery in varying chemical fertiliser rates, and (ii) to determine the effectiveness of EFB biochar in reducing loss of nutrients.
Materials and methods
Most of the oil palm nurseries in Malaysia practiced double-stage nursery system, which consists of pre-and main nursery stage. In pre-nursery stage, the germinated seeds are directly sown into small polybag and kept under shade for 3-4 months. The seedlings are then transferred into larger polybag in the main nursery, which are established in an open field condition. There, the seedlings are grown without protective shade for another 7-10 months, before the seedlings are ready for transplanting in the plantation.
This study was carried out in Universiti Putra Malaysia, (2º 59′ 59 N, 101º 42′ 25 E), over a period of 212 days (1st June 2014-6th January 2015), a standard period for oil palm seedling production in main nursery stage. The temperature ranged between 23.8 and 28.8 °C, while rainfall was higher during the end of the year due to Southwest Monsoon season in Malaysia (Fig. 1 ).
Experimental treatments and design
A three-factorial experiment was established in an open field condition, (exposed to direct sunlight and normal wind, air temperature and humidity condition) with the following treatments: four rates of EFB biochar (0, 0.5, 1.0, and 1.5% w/w C), with and without compost addition (30% v/v), and two rates of fertiliser (75 and 100% of fertiliser recommended rate). The 30% (v/v) compost to topsoil mixture was recommended by Rosenani and Mohd Zikri (2006) to 1 3 be the optimum polybag medium for oil palm seedling. The treatment combinations are presented in Table 1 .
The texture of the top soil used in this study was sandy clay (52.1% sand, 6.5% silt, and 41.4% clay). The soil was air-dried and sieved to 2 mm prior to use. The EFB biochar was produced in a pilot carbonator with temperatures ranging from 300 to 350 °C. The compost used was oil palm empty fruit bunch (EFB) compost that is commercially available, with moisture content of 17-20% and has fine particle size of < 20.0 mm. Selected chemical properties of biochar and compost are given in Table 2 . 3-month-old oil palm seedlings (about 27 cm high with 3-4 leaflets), from GH500 Series (cross breed of Elite Deli Duras and second generation of BM119 Pisiferas) were purchased from Sime Darby Seed and Agricultural Services (SDSAS), Banting, Selangor, Malaysia.
Treatments were assigned to the polybag medium and laid out in a randomised complete block design (RCBD) with four replications (total 64 experimental units) and equilateral triangle arrangement (80 cm within row and 80 cm between rows). The polybag medium with compost mixture was prepared before biochar addition. Compost was mixed thoroughly with the topsoil to achieve soilcompost mixture of 30% (v/v) in soil with or without biochar. Biochar treatments were prepared by adding the EFB biochar to the soil with and without compost mixture. Amounts of 0, 0.143, 0.286 and 0.429 kg of EFB biochar were mixed with 16 kg of polybag mixture (per 500 gauge polyethylene bag, with dimensions of 38 cm diameter and 45 cm height), which are equivalent to 0, 0.5, 1.0 and 1.5% w/w C addition to polybag mixture. The polybag medium was left for 1 week to equilibrate, before a 3-month-old oil palm seedling was transplanted into each polybag. An amount of 15 g of P 2 O 5 (triple super phosphate as fertiliser source) was added to each polybag as a basal application for early growth establishment (Mathews et al. 2010) . Compound NPK fertiliser (12:12:17:2; N: P 2 O 5 : K 2 O: MgO + Trace Element) was applied six times, based on the recommended dosage for seedling stage oil palm seedling as shown in Table 3 . Black polyethylene sheets were placed on the ground surface before arranging the polybags on the sheet with a brick under each polybag to prevent root growing into the ground. The seedlings were watered once daily with equal volume of water and weeding was done manually. For pest and disease control, insecticide (a.i: chlorpyrifos and cypermethrin) was applied every 2 weeks while fungicide (a.i: difenoconazole) was applied when necessary.
Vegetative growth measurement and harvesting
Plant height was measured and defined as the length from soil surface to the tip of highest leaf. Rachis length of frond number three was taken from the lowest rudimentary leaflet to the tip of rachis. The bole diameter was measured using a digital calliper and number of frond was recorded by counting the total number of open green fronds.
Based on ten samples of oil palm seedlings obtained from Nafas Agri Nursery Sdn. Bhd that were ready for transplanting at 10-12 months, the morphological measurement were: height, 129 cm; number of fronds, 15; bole diameter, 7.8 cm; rachis length of frond number three, 74 cm. Morphological measurement indicated that it was harvested at 10 months (212 days of planting period in the main nursery stage), seedlings' standard growth for transplanting to the field. Seedlings were harvested for shoot and root dry matter weight measurement and analysed for nutrient uptake.
For above-ground biomass, the palm was chopped off at soil level while root was removed carefully. Dry weight of the above ground biomass and root was determined after oven-dried at 60 °C to a constant weight. The above ground parts (leaflets and frond) were ground to < 2 mm and digested for macronutrients analysis.
Analysis of biochar, compost, polybag medium and plant tissue
Biochar and compost were air-dried and sieved through a 2-mm sieve for analysis. The following analysis were conducted: ash content and volatile matter according to ASTM D1762-84 method (ASTM standard 1762-84 Reapproved 2007), pH in a 1:20 w/v water suspension (Cheng and Lehmann 2009 ), total C and N via dry combustion analysed using LECO CNS-2000 Elemental Analyser (Nelson and Sommers 1982) , and macronutrients content via dry ashing method (Campbell and Plank 1998) . The amended and un-amended polybag medium was collected and analysed before planting and after harvesting. Samples were air-dried and sieved through a 2-mm sieve and analysed for the following: soil pH in a 1:2.5 w/v water suspension, total C and N (LECO CNS-2000 Elemental Analyser), available P via Bray and Kurtz Method II (Bray and Kurtz 1945) , CEC and extractable basic cations (K, Ca, Mg) displacement of cations with 1.0 N of NH4OAc (pH 7.0) and displacement of adsorbed NH 4 + , respectively, with 0.1N K 2 SO 4 (Hendershot et al. 1993) . Bulk density was determined according to the core method (de Boodt and Verdonck 1972) . Soil water content at field capacity (− 33 kPa) of polybag medium before planting was determined using pressure plate technique (Dane and Hopmans 2002) . Meanwhile, plant tissue samples were then digested using wet digestion with concentrated H 2 SO 4 and 30% H 2 O 2 (Wolf 1982) .
Determination of nutrient retention
Nutrient retention was determined indirectly by measuring the amount of nutrients leached through the polybag medium from biochar-amended and un-amended soil. Lower total amount of nutrients in the leachate collected indicates less soluble nutrients loss through water movement out of root zone. The treatments selected were the four rates of biochar (0, 0.5, 1.0, and 1.5% w/w C addition) without compost (C0) but with 100% recommended rate of fertiliser (F100). Three replicates were selected for each treatment. A polybag was placed in a 6-L plastic basin with a cylindrical PVC pipe (10 cm in height × 10 cm in diameter). A tube was attached to the basin to collect any overflow leachate so as to prevent the polybag from soaking in the leachate especially after heavy rain.
Leachates were collected and the volume was recorded twice a week. During heavy rainfall, leachates were collected more frequently. 
Statistical analysis
Analysis of variance (ANOVA) was conducted using SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA.). The significant differences between treatment means were analysed using Least Significant Difference (LSD) test at P < 0.05. Regression analysis was performed using SigmaPlot software version 12 (Systat Software, Inc., San Jose California USA) to predict oil palm biomass (shoot and root dry weight) response towards biochar amendment. Pearson's correlation analysis was conducted to test relationships between variables.
Results

Characteristics of amended and un-amended polybag media before planting
Physical and chemical properties of polybag medium with and without amendment are shown in Table 4 . The unamended polybag medium was an acidic sandy clay soil . Polybag medium amended with biochar, compost, and their combination significantly improved pH value by 0.59, 2.14, and 2.45 units, respectively, as compared to un-amended soil. Total C, N, and CEC were also significantly improved with biochar application and further improved (P < 0.05) with compost addition. This was accompanied by significant increase of cations concentrations (K, Mg, and Ca). C:N ratio for all amended soil were increased slightly (9.7-21.0). The volumetric soil moisture content at field capacity was 16.7% in un-amended soil, and 16.5-20.9% in all amended soil. Therefore, the results showed that treatment with soil amendment, either biochar or compost exhibited a positive effect on chemical properties on oil palm seedling media as compared to control (Table 4) .
Plant growth response to biochar and compost amendment
Regression analysis showed that shoot dry weight (DW) biomass responded as quadratic relationship (P < 0.05) with increasing biochar carbon addition in polybag media without compost for both 75 and 100% fertiliser rates (Fig. 2) . Treatment with 100% recommended fertiliser rate yields the highest shoot biomass production. However, shoot biomass initially declined with increasing biochar rates (up to 1.0% w/w C) before it started to show a positive response at higher biochar application rate. In contrast, shoot biomass of compost-amended treatments followed a positive quadratic relationship (P < 0.05) for 100% fertiliser application rate with increasing biochar addition. The maximum shoot DW biomass was recorded at biochar-compost treatment, peak of 370 g plant −1 when applied with 0.77% w/w C at 100% fertiliser application rate. In general, although co-application of compost and biochar amendment tend to show positive effect on shoot DW, none of the combination treatment significantly outperformed (P < 0.05) the control treatment (without biochar and compost but fertilised with 100% fertiliser rate).
Root DW response fitted into a quadratic relationship model with biochar application with and without compost amendment (Fig. 3) . Among all treatments, the highest root Fig. 2 Shoot dry weight of oil palm seedling as affected by fertiliser recommended rates (75 and 100%) and biochar rates (0, 0.5, 1.0 and 1.5% biochar C) in media without and with compost treatment (0 and 30% v/v). Asterisk symbols indicates a significant regression trend at ***P ≤ 0.001, (n = 4). Notes: F75C0 75% fertiliser recommended rate in soil without compost; F75C30 75% fertiliser recommended rate in soil with 30% v/v compost; F100C0 100% fertiliser recommended rate in soil without compost; F100C30 100% fertiliser recommended rate in soil with 30% v/v compost DW was obtained with 1.5% w/w C application in polybag media without compost and applied with 100% fertiliser rates. Meanwhile, with compost amendment, biochar applied at 1.5% w/w C with 75% fertiliser rates was able to achieve same root biomass as 100% fertiliser application and was comparable with control treatment. The shoot to root ratio is commonly used to estimate relative biomass allocation between roots and shoots. It gives estimation of the distribution of dry matter between the root and the shoot systems. Oil palm seedlings fertilised with 100% fertiliser rate have higher shoot:root ratio value as compared to 75% fertiliser rate (Fig. 4) . However, treatments with highest biochar rate (1.5% w/w C) showed reduced shoot:root ratio in both with and without compost amendment, and this was found to be significantly lower than control. Fig. 3 Root dry weight of oil palm seedling as affected by fertiliser recommended rates (75 and 100%) and biochar rates (0, 0.5, 1.0 and 1.5% biochar C) in media without and with compost treatment (0 and 30% v/v compost). Asterisk symbols indicates a significant regression trend at *P ≤ 0.05 and ***P ≤ 0.001 respectively, (n = 4). Note: F75C0 75% fertiliser recommended rate in soil without compost; F75C30 75% fertiliser recommended rate in soil with 30% v/v compost; F100C0 100% fertiliser recommended rate in soil without compost; F100C30 100% fertiliser recommended rate in soil with 30% v/v compost 
Plant nutrient uptake as influenced by biochar and compost amendment
Biochar treatment(s) without compost did not affect N uptake for both 75 and 100% fertilizer rates, but showed significant interaction effect between biochar and compost; increasing rate of biochar applied decrease N uptake when co-applied with compost amendment (Fig. 5) . Co-application of compost and biochar up to 1.0% w/w C addition with 100% fertiliser rate positively affect P uptake and was significantly higher than control treatment. However, for soil without compost, application of biochar had no significant effects on P uptake. There was no significant improvement of K uptake in both soil with and without compost as compared to control treatment, but 100% fertiliser with biochar-compost mixture (application up to 1.0% w/w C addition) showed a comparable K uptake with control.
Soil chemical properties after 212 days of amendment application
Biochar amendment significantly improved soil pH by 0.2-0.5 units (application from 0.5-1.5% w/w C rates) as compared to control and 0.1 units as compared to soil with compost-only amendment (Table 5 ). Total C and N also increased with biochar rates with the highest impact recorded in media with compost amendment. The highest biochar application rate (1.5% w/w C) improved CEC in polybag media, by 45% as compared to control and 16% compared to media applied with compost alone. There was no significant difference of C:N ratio between control treatment and treatment with compost-only amendment, but in the presence of biochar, C:N ratio value proportionally increased with increasing biochar rates, where greatest changes were observed in media without compost. Biochar did not affect soil K, but available P, Mg and Ca showed significant increase with biochar application rates. With compost amendment, concentrations of K, Mg, and Ca were positively affected by biochar, application up to 1.0% w/w C addition. Meanwhile for available P, the highest concentration was found at 0.5% w/w C rates, but, further application reduced available P in the presence of compost amendment.
Effects of biochar on nutrient leaching
Results showed that biochar significantly reduced NH 4 + -N leaching loss by 21, 44, and 46% in the 0.5, 1.0, and 1.5% w/w C addition, respectively, when compared with control (Fig. 6) . NH 4 + -N leached was relatively low (10.8-125.5 mg polybag −1 ) during the first 114 days of planting before a sharp increase was detected across all treatments thereafter. In contrast, the amount of NO 3 − -N leached steadily increased up to 114 days and thereafter become more gradual until the end of this study period. Overall, biochar amendment showed no significant influenced on total NO 3 − -N leached over 
Fig. 5
The interactive effect of fertiliser rates (75 and100%) and biochar rates (0, 0.5, 1.0 and 1.5% C addition) in media without and with compost treatment (0 and 30% v/v compost) on N, P and K uptake (mean ± standard error), (n = 4). Note: F75C0 75% fertiliser recommended rate in soil without compost; F75C30 75% fertiliser recommended rate in soil with 30% v/v compost; F100C0 100% fertiliser recommended rate in soil without compost; F100C30 100% fertiliser recommended rate in soil with 30% v/v compost the experimental period. Similar to NO 3 − -N, cumulative data of PO 4 −3 leached showed that biochar amendment was not effective in retaining PO 4 −3 . However, during the first 114 days, biochar amendment apparently reduced P loss in biochar-treated media by 18-34% as compared to control treatment, but the effects become negligible thereafter, especially during the period with excess rainfall (115-212 days). Potassium was leached out and this was more significant especially for soil with biochar amendment. The highest biochar rates resulted in the higher K concentration leached. 
Discussion
The application of biochar, compost, and biochar-compost mixture as soil amendment for oil palm seedling significantly improved physico-chemical properties of the polybag medium and root development of the seedling. Biochar amendment had an important impact on the growth of root and shoot:root ratio. Reduction of bulk density in amended polybag media (Table 4) could be attributed to the increase in pore spaces due to biochar application, facilitating better root branching and root penetration depth (Bruun et al. 2014) . In addition to root growth response, the application of biochar at 1.5% w/w C with and without compost amendment positively affect seedling shoot to root ratio. A lower shoot:root ratio meant that plant may have less water stress as the roots are better developed with respect to the aboveground parts. Furthermore, plants with higher shoot:root ratio are likely to be susceptible to water stress, particularly during dry season or under condition of high evaporative demand, while in this case was during the transplanting of oil palm seedling from polybag to the field. A number of studies have reported that plant seedling with more root volume have higher chances of survival after field transplanting (Haase and Rose 1994; Davis and Jacobs 2005) . Better root system may led to greater capability for absorption and transportation of water, thus improving the plant's ability to handle environmental stress Grossnickle 2012 ). However, there were minimal observable positive effects of biochar on shoot biomass and nutrient uptake of oil palm seedling. This insignificant response on plant growth was probably associated with the insignificant improvement in nutrients uptake. The delayed effects of biochar on plant nutrients uptake (especially N, P and K) was likely due to temporary unavailability of nutrients for plant uptake (Lentz and Ippolito 2012) and N immobilisation when C:N ratio was above 16 (Alburquerque et al. 2014; Walter and Rao 2015) . The C:N ratio of EFB biochar was 93, and therefore, it potentially induced the immobilisation of mineral N. This was also supported by the observation in plant N, P, and K uptake, where the treatments with biochar showed no significant contribution in both 75 and 100% fertiliser rates. However, for medium with compost, biochar showed positive effects on shoot biomass, particularly when combined with recommended fertiliser rate (100%). For instance, significant increment (by 37.9%) in P uptake as compared to control treatment was observed in co-application of compost and biochar (1.0% w/w C) and treated with 100% fertiliser rate. According to Khan and Joergensen (2012) and Agegnehu et al. (2016) , the incorporation of biochar and compost in soil could potentially improve P availability and significantly stimulate P uptake by ryegrass and maize plant, respectively. This was probably due to biochar's liming effects that decreased P fixation by Al and Fe oxide in the soil (Yuan and Xu 2011; Cui et al. 2011) . In this study, notable pH improvement was observed especially in biochar-compost amendment (pH 6.6) as compared to control treatment (pH 4.4). Macronutrients (particularly N, P and K) played a vital role, especially to the growth of young oil palm. For instance, N and K are the essential nutrients for improvement of vegetative dry matter production and leaf area index of young oil palm (Corley and Mok 1972; Squire 1984) . This was supported by correlation coefficients analysis, which revealed that the shoot biomass was positively correlated with N (R = 0.80, P < 0.001) and K uptake (R = 0.79, P < 0.001). In general, nutrient level in polybag media with biocharcompost amendment remained high as compared to control treatment at the end of the study period (Table 5) . High nutrients content remaining in polybag medium could benefit root establishment once seedlings with amended media were transplanted into the field.
This study also suggests that application of biochar may have inhibited C losses when the amendments were combined together (Table 6) ; the drastic losses of total C were detected in compost-only amendment (15.83%) and lowest biochar rates (0.5% w/w C; 9.31%). In contrast, with higher biochar C rates (1.0 and 1.5% w/w C), the total C of media before planting were statistically not different as compared to after planting. In polybag medium without compost amendment, total C remained unchanged until the end of the study (Table 6 ). Thus, the stabilisation of C in polybag medium highlighted the potential of EFB biochar for long-term carbon accumulation once the seedlings were transferred into the field. The recalcitrance of biochar C following its application was observed by Steiner et al. (2007) .
Leaching of nutrient might be influenced by sorption capacity of biochar. Lower amount of nutrient leached in Table 6 Effects of EFB biochar rates (0, 0.5, 1, 1.5% w/w C addition) on total C in soil without (C0) and with compost (C30) amendment before planting and after 212 days cultivation A biochar amended soil may indicate higher retention of nutrient in the medium, and more nutrients available for plant uptake. The capability of biochar to reduce NH 4 + -N losses was frequently reported under controlled environment (Sika and Hardie 2014; Kammann et al. 2014 ) and natural leaching condition (Ventura et al. 2013; Sorrenti et al. 2012) . These evidence suggested that the physico-chemical characteristics of biochar, which has high cation exchangeable capacity (Liang et al. 2006 ) and surface area with the presence of polar and non-polar surface site (Cheng et al. 2008; Ding et al. 2010 ) make it a good soil nutrient-retaining additive. Another possible theory is that NH 4 + -N may have remain clogged inside biochar pores structures (Saleh et al. 2012) as biochar pore sizes varies due to its production method and types of feedstock. In contrast, biochar showed insignificant effect on NO 3 − -N leaching throughout the study period. Theoretically, anion exchange capacity of biochar is usually very low (Mukherjee et al. 2011; Taghizadeh-Toosi et al. 2011) and eventually decreased over time (Cheng et al. 2008) . Thus, NO 3 − ions were not strongly held on biochar surfaces. Regardless of the treatment rates, most of inorganic N leached was mainly in the form of NO 3 − -N. The ammonium-nitrate based of compound fertiliser (NPK blue) used in this study was presumably responsible for the greater concentration of NO 3 − -N leached. Biochar amendment also did not influence the cumulative concentration of P in leachates. Previous studies suggested that P was not likely sorbed to the surface of the majority types of biochar (Yao et al. 2012; Hale et al. 2013; Zheng et al. 2013 ) due to the negative surface charges. Therefore, negligible effect of EFB biochar on P release pattern was expected and confirmed by the leaching results. The amount of K leached was highest as compared to control and corresponded well with the amount of biochar applied. This reflected the relatively high K content from EFB biochar (Tables 2 and 4) which led to higher K released, especially at the early stage.
Conclusions
Considering the potential effect of EFB biochar on root growth and shoot:root ratio obtained from this study, the optimum treatment was the co-application of EFB biochar at 1.5% w/w C addition and compost at 30% (v/v) as amendment in oil palm polybag media and fertilised with 75% fertiliser recommended rate. With biochar and compost amendment, there is an option to reduce chemical fertilizer usage, thus offering a more sustainable solution for the production of oil palm seedling and oil palm waste recycling. In addition, the results also provided the evidence of EFB as a potential feedstock for biochar production to effectively retain NH4 + -N in polybag medium under field conditions. Total C of biochar-amended soil remained the same after 7 months of application indicating that biochar C is stable and may contribute to carbon storage in oil palm field. This indicates the potential of EFB biochar to sequester carbon in oil palm field which consequently contributes towards C credit in oil palm plantation sector.
